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Radiation characteristics analysis of space false alarm sources for
infrared early warning satellite

Li Wenjie, Song Zezheng, Li Guangbo, Yan Shigiang, Ouyang Yan, Wang Chengliang
(Air Force Early Warning Academy, Wuhan 430019, China)

Abstract: According to the false alarm problem in infrared early warning satellite, the space radiation
environment of the geosynchronous orbit infrared early warning satellite was studied. Based on the
analysis of satellite’s background radiation characteristics in the detection spectrum and as a benchmark,
the radiation sources in space environment that may cause false alarms of infrared early warning satellite
were analyzed. The radiation characteristics of various sources in the 2.63—-2.83 wm short—wave detection
spectrum and the 4.18-4.50 wm medium—wave detection spectrum of infrared early warning satellite were
discussed and calculated individually. The results show that the irradiance of direct solar radiation on the
satellite detector is much larger than the background radiation intensity of the satellite, so evasive
measures should be taken. The main false alarm sources of infrared early warning satellite are lunar
radiation and low—Earth orbit spacecraft radiation. The influence of lunar radiation is mainly due to the
focusing factor of lens. The influence of near—Earth orbit spacecraft radiation occurs in the mid—wave
detection spectrum of infrared early warning satellite. The research results can provide reference for the
study of corresponding background suppression and false alarm sources identification technology.
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Fig.1 Main background radiation source of infrared early

warning satellites

() PR ST bl 3R T S5 R S R T A1 TR T A R N A
W R SRR AR, A Sk R S S A R B 4
FIHLER B B FE AT, PS5 T SR ST I DA ek
TSRO R A, T AR i e S R A 1 AT
AN TR A AR
1.1 i3k 5% KPR%E 5t

M BR IS5 G A B 8 B 2 ok [ HUER RN =
JE RN AR S50 A B8 S B B S, 38 A R A Y 18
S o BT AR S e R I BT P R 1 B N 2T A
v TR MR bRk I S R PR AR S AR R R,
P FN 451 BE BH AR S Bk M BR S R i A R IR

K BH 55 M BR 22 8] ) SF- 24185 B9 1.496%10° km , BJ
1 AU, M HHHE R 18, KEHEMBR K ZSN =
A ) SR IR E, =0.135 3 Weem™ (K FHH %0, #
FHRBARGR Y Stefan—Boltzmann & H: ), 7] DLk 15
KBHERCN T =5 772 K BRI

AR5 A BH 68 S 5 1 25 [ 406 ol S 3 i 4 1 43
APRFEANAS | )35 — G B 1 ] PN ) A BH A IR ] LA
W BN G IE R R AT OGS AR Y LBk

H4E Stefan—Boltzmann 5 A, K BH ] FM 48 5 ) 4>
FETE AR T SRR

®

W,= | w.(ndr=ot' M

oA IR W () R R B RE—E B N T R i
0=5.669 7x10™2 W -cm=2-K™, & Stefan—Boltzmann %
.

R AR P o PR I N U] A5 R BHAE A 35 BE 1Y
T S S EE S

(e 1

WX(A)=T'T (2)
A e -1
XA @)U TR SRR EL A, ~ A T N
IR BH B S R
W (A, A2)=jA'Wx(A)dA=J S 1 g @

\ )\5 ¢, /AT,

AP ie,=3.741 8x10' W -cm2 - pum (55— 5 5 % %0 5
¢,=1.438 8x10" W -cm™- K(% 45 #%0) .,

0304002-2



ok TR

% 3 www.irla.cn % 48 %
HERTE TG B A, ~A S N B R FH R FE RE R TRk .
R WL D=W, (0| % ) (7)
sat = e d
E.y()\l > )\2 )on 'W (4) L

I 22 2 () XoF 6 e R0 355 B R v gz R0 3% B
T Bl PN Y O PH R RRORE BEAT ISR, 45 R o R .
713.53 pm-cm= F1 216.28 um-cm=2,

by 35K S S R B A S ) A R — O B A ok R
IR o BRI H BRSNS R BH 4 56 18 7 221 R 1
ST HGEE B 0.3, L, TEREBE A, ~ A, Y [ P b Bk
2 A A R B 48 S A £ D I TR Ak ) R R R T R
ﬂ‘j:

2

EQy. A)=p,E (0 \)| 59)
A p,=0.3, JoHBRAUBRTE 2 41 % ;R =6 371 km, Fy b
BRPA2  d,=4.216x10" km, AHZLAMHUE TR 5 Bk
HC B BEES

PRI 5545 3] 7 J 5 4 0335 B3 R b g R 000 33 Bt
UL P b R S S A B 6 S A 21 A1 T T A 1 s R
JEN 4.80 uW-cm™ Fl 1.48 wW-cm™,
1.2 kB SESH

PR S, 4 HERxt A BH 58 5 A9 5 R N
0.3 i, 7T LU IR s ER A R 5550k T.=255 K /)
TRARS LR SRR R ST A A AR B e PR A
SN TCRT AT S L BR 04 56 1% 4 5 1 B R

W=t (©)
ANoe A1

P 2 Sk HUER B ST 00 O 1 R A A R 2

U 27 & T34 T2 432 Wi 2 M Bk 11 B8 8 5 ) D' 3 4 R g

()

il

— 1400

1200
21000t
800 |
600 F
400 F

200 F

Spectral irradiance/p Weem “pun

l] L L
0 5 10 15 20

Wavelength/pm

Pl 2 stk 1 L3 4 S O AR o A

Fig.2 Spectral irradiance of earth radiation
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warning satellites
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Tab.1 Planet physical properties parameters and

effective black—body temperature

Semimaj Black—bod
Mean Perigee/ emlr.na_lor ack=bocy
i axis/ temperature/
radius/km  10° km albedo
10° km K

Mercury 2 440 77.3 57.9 6.8% 439.6
Venus 6 051 38.2 108.2 77.0% 226.6
Mars 3 389 55.7 227.6 25.0% 209.8
Jupiter 71 492 588.5 778.6 34.3% 109.9
Saturn 60 268 1195.5 1433.5 34.2% 81.0
Uranus 25 559 2581.9 2872.5 30.0% 58.1
Neptune 24 764 43059 44951 29.0% 46.6
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Tab.2 Planet’s total irradiance in the probe spectrum

Total irradiance of Total irradiance of

short—wave spectrum/ mid—wave spectrum/

pW-cm™ pwW-cm™

Mercury 6.07%x1077 4.20x107°
Venus 2.45%107° 7,50x10°°
Mars 2.65%1077 8.44x1078
Jupiter 1.24%x1077 3.76x107®
Saturn 2.14x107 6.47x107
Uranus 5.29x107™" 1.60x10™"
Neptune 7.05x10712 2.14x107™
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Tab.3 Geometry and surface thermal material parameters of the spacecraft model

Part Size/cm Surface material Reflectivity ~ Absorptivity ~ Emissivity
Body 142x142x165 F46 0.02 0.35 0.68
Battery 0.03 0.82 0.81
Solar panel 600x150
Blackboard 0.07 0.88 0.86
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Tab.4 Irradiance of radiation sources in the probe spectrum(Unit: pm-cm™)

Spectral band Background Direct solar Moon Planet Earth surface ~ Spacecraft surface radiation
P radiation radiation radiation radiation radiation (400 km orbit)
2.63-2.83 4.90 713.53 2.88x1073 1072-10"° 199.16 52.09

1.89 s —12 -6
4.18-4.50 216.28 3.71x10 107%=10"° 78.09 724.71
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